The yolk sac is visualized as a circular anechoic structure using ultrasound imaging from the fifth gestational week. 5 Its size increases until the 10th week of gestation when variation increases, the average diameter seems to decrease, and around 13 weeks of gestation it is no longer visible. [6] [7] [8] The diameter increases from about 3-4 mm to about 5-7 mm at its maximum.
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Yolk sac size has been studied repeatedly, but the focus in these studies has been its size as a marker of adverse pregnancy outcome, such as miscarriage and chromosomal aberrations. 8, [10] [11] [12] [13] Otherwise, the physiological significance of the variation in yolk sac size has not been addressed.
Maternal size is known to influence fetal size and birthweight positively. [14] [15] [16] Morin et al 17 found that small stature (< 157.5 cm) and a high body mass index (BMI) (> 29) were associated with the increased risk of ≥ 7 days discrepancy between last menstrual period and crown-rump length (CRL) dating, compared with a reference population. However, the influence of BMI on CRL could not be demonstrated in another study. 18 On the other hand, data suggest that la long CRL is more common with advancing maternal age and in ethnic black women compared with white. 19, 20 Since biological data show that the yolk sac wall is involved in nutrition, gas exchange, metabolic regulation, 21 and stem cell production, 4 we hypothesized that more maternal resources, such as body mass, would lead to a larger yolk sac formation to ensure that more resources were transmitted to the growing human embryo. Thus, the aim of the present study was to assess the effect of maternal size and body composition on yolk sac size, and to determine the relation between yolk sac size and fetal size during pregnancy.
| MATERIAL AND ME THODS
This study was embedded in the prospective longitudinal multicenter World Health Organization (WHO) fetal growth study. 22, 23 Healthy women with low-risk pregnancies were invited to participate when they were referred for a routine ultrasound at the 
| Statistical analyses
The size of the study had been determined by the power calculation for the main study, the multicenter WHO fetal growth project. 
Key message
The human yolk sac size is larger when mothers are small, suggesting an adaptive compensation to ensure embryonic nutrition and growth, an effect that can be traced until 24 weeks of gestation. 
| RE SULTS
Of the 140 participants, in total two women were excluded from the statistics (one because of a missed abortion which occurred after inclusion and another due to a major congenital malformation), and 16 who lacked information on the yolk sac. This left us with 122 participants who were eligible for the analysis. One woman dropped out of the study after the first examination, and the information on body composition was missing in another participant. Gestational age at first visit was week 8 +0 -12 +6 , CRL 13-67 mm, and the gestational age at the last visit ranged from 231 to 287 days. Maternal and neonatal characteristics are presented in Table 1 . There were a median of two pregnancies per women 1-5 and the median parity was one (0-3).
In this low-risk population, six (5%) fetuses had a birthweight < 5th centile and two (1.6%) were born preterm (gestational age < 37 +0 ).
Maternal weight and maternal height had a significant negative influence on the yolk sac diameter (Table 2 and Figure 2 ). The higher the stature and weight of the mother, the smaller was the yolk sac. The same association was found between maternal lean body mass, body fat mass, and yolk sac size (Table 2 and Figure 3 ). Maternal BMI showed no significant association with the yolk sac size, but the tendency was the same as for weight and height; namely, a reduced yolk sac with increasing BMI (Table 2 and Figure 2 ). When the analysis was split according to fetal sex, the association between maternal BMI and yolk sac diameter was significant for female fetuses only (Table 2 and Figure 2 ).
In the study, 51 girls (42.1%) and 70 boys (57.9%) were born.
When dividing the analyses according to fetal sex, the findings were The inclusion criteria for body mass index (BMI) were changed from 17-34 to 18-30 shortly after the start of the study, and for that reason one woman in the study had a BMI of between 30-34.
TA B L E 1 Maternal and neonatal characteristics

TA B L E 2
The overall relation between maternal factors and yolk sac diameter (z-scores) in 122 pregnant women, and the relation when analyzed according to fetal sex significant for the female fetuses only, even though they were fewer than the males (Table 2 and Figures 2,3 ).
We tested whether these effects on yolk sac size could be traced in the development of fetal size as the pregnancy continued, and at birth with birthweight and placenta weight, but no significant association was found. However, the yolk sac : CRL ratio (expressing the relative size of the yolk sac) was negatively associated with fetal AC and estimated fetal weight (EFW) at 24 weeks' gestation, and the EFW at the last visit (Table 3 and Figure 4) . Here, the findings were significant for both sexes for fetal AC at 24 weeks (boys P = 0.002 and girls P = 0.003), while for EFW at 24 weeks, the association was significant for boys only (P = 0.004). Later in pregnancy no association could be traced for either sex. Although it was more sporadic, the association between yolk sac : CRL ratio and these growth parameters corroborated the pattern seen in the first trimester; a relatively large yolk sac was associated with small fetal AC and low EFW at 24 weeks' gestation and low EFW at the last visit (Table 3 ).
| D ISCUSS I ON
Contrary to what we hypothesized, maternal weight, height, lean body mass, and body fat mass influenced the yolk sac size in early human pregnancy such that the shorter and slimmer mothers are, 
(A) (B) (C) (D) (E) (F) (G) (H) (I)
the larger the yolk sac will be. Second, these effects were significant in female embryos only. Third, the effects could be traced in later fetal size development, ie AC and EFW at 24 weeks of gestation.
A possible finding emerges from this study; namely, that the yolk sac is involved in the regulation of human embryonic and fetal growth by autoregulating its size to compensate for fewer maternal resources (eg height, weight, and body mass components) by increasing the diffusion surface, thus ensuring that nutrients and gases are transmitted. While the yolk sac size per se had no significant impact on fetal growth beyond the first trimester, its relative size, expressed in the ratio yolk sac : CRL, had an effect on fetal AC and EFW at 24 weeks (Table 3 ). This relation strengthens the probability that the yolk sac is involved in embryonic growth regulation to ensure a normal growth trajectory. It is also of interest that a relatively small yolk sac is linked to large EFW and AC, the latter reflecting a large fetal liver. The fetal liver plays a key role in regulating fetal growth during the second half of pregnancy.
25,26
A limitation of this study is the fact that testing the present hypothesis was not a primary but a subsidiary aim of the WHO study and therefore the statistical power was not determined by TA B L E 3 Relation between fetal biometric variables, birthweight, placenta weight and yolk sac/crown-rump length ratio. All parameters expressed in z-scores the present hypothesis. On the other hand, probability levels of ≤ 0.01 for several results, and the fact that the results corroborate and come neatly together in a concept that is biologically plausible, strengthen the probability.
The study's low power could also be the reason for the findings being more significant in the female than male fetuses. However, this is not supported by the fact that female fetuses were less numerous (n = 52) than male (n = 70). Although tempting to regard the female dominance in significant findings as a result of a difference in yolk sac biology between the sexes, this might be explained by the distribution of maternal characteristics between the two groups by chance, being somehow wider for the female fetuses (see maternal height and weight in Figure 2 ).
The strength of this study is that rather than relying on recall information, 27 ,28 maternal weight, height, and body composition were measured with the same equipment in the same setting. Similarly, all ultrasound measurements were performed by two midwives with extensive experience who had undergone a supervised certifying period to reach uniformity within the study.
As mentioned previously, a number of studies have addressed the yolk sac size, generally focusing on adverse pregnancy outcomes 8,10-13 and commonly including symptomatic pregnant women in varying numbers, and at times the results are conflicting or not reproduced, as seen in studies of yolk sac size in diabetic pregnancies. 29, 30 Currently, the general perception is that a yolk sac of > 6 mm in diameter or outside the range of ± 2 SD is associated with diabetes, miscarriage, or chromosomal aberration. 8, 10, 11, 29 In our study of low-risk pregnancies in healthy women, the aim was rather to discern the physiological mechanisms governing the earliest period of human pregnancies. In this population, a yolk sac size > 6 mm was not unusual (31.1%), and these pregnancies were normal apart from one case of a preterm birth with a yolk sac diameter of 7.0 mm, and another with a birthweight < 5th centile and a yolk sac diameter of 6.4 mm.
Different methods of placing the measurement calipers have been practiced. Some studies use the inner to inner diameter, others place the calipers in the middle of the yolk sac wall, or the method is not described. We used outer to outer diameter, which explains why we had a relatively large number of diameters > 6 mm.
Important public health implications can be drawn from the present study. The fact that maternal stature, weight, and body composition modify embryonic structures makes it clear how delicate and perceptive the earliest human development is, and therefore susceptible also to unfavorable influences. The prevention of noncommunicable diseases and the promotion of a healthy life course for the offspring does not start with the newborn child, but right from conception, as well as the way that the mother has prepared for the pregnancy and conditioned its development. 31 The fact that the results were significant in this low-powered study (n = 122) indicates that the mechanisms operating at these stages of development, if confirmed, are rather powerful and not necessarily in need of large studies. We welcome studies aiming at reexamining the suggested concept and any further elaboration of the subject.
| CON CLUS ION
Human yolk sac is involved in embryonic growth regulation, but contrary to our hypothesis, the yolk sac shows a compensatory capacity, being larger when the mothers are smaller; and the effect can be traced on fetal size at 24 weeks of gestation.
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